Objective: To assess the value of ultrasonography (US) in reliably differentiating benign from malignant thyroid nodules, and in defining the malignant nature and the histotype of papillary thyroid carcinomas (PTC). Methods: A high-resolution real-time US system with a 7.5-MHz linear probe was used. The sonographic features of 39 histopathologically proven PTC cases were retrospectively reviewed and compared with the US features of 52 benign thyroid nodules (BTN). The US identification of PTC malignancy was based on the simultaneous presence of multiple US features seen exclusively in PTC and not in BTN. Results: Based on the simultaneous presence of exclusive malignant US features seen in PTC but not in BTN, identification of the malignant nature of PTC was certain in 74% of the cases and less certain in 8% of the cases. In a third group, 15% of the cases showed predominantly benign US features, while 1 patient (3%) was operated as a case of multinodular goiter and diagnosed histologically as having occult PTC. No malignant features were seen by US and it was not associated with metastasis. US identification of the histological type of PTC was based on the finding that a thyroid lesion presenting as a predominant cyst with a punctately calcified endoluminal projecting solid mural nodule was an exclusively specific feature of cystic primary PTC. Both, totally cystic and microcalcified predominantly cystic metastatic lymph nodes were also characteristically seen in metastatic PTC. Accordingly, the histotype of PTC was only identified in its cystic form, whether it was primary (13%) or metastatic (31%). Both constituted 44% of Al-Tamami/Al-Khawari/Al-Sayer/ Jumaa the 39 PTC cases. Conclusion: High-resolution real-time ultrasonography was found to be a useful first line diagnostic modality of PTC. It was reliable in differentiating benign from malignant thyroid nodules and in identifying the histotype of PTC in cases with cystic metastasis or where the primary or the metastatic nodule is cystic with microcalcified projecting solid mural nodule. Fine needle aspiration biopsy is to be resorted to, mainly in equivocal cases.
The sonographic features of 39 histopathologically proven PTC cases were retrospectively reviewed and compared with the US features of 52 benign thyroid nodules (BTN). The US identification of PTC malignancy was based on the simultaneous presence of multiple US features seen exclusively in PTC and not in BTN. Results: Based on the simultaneous presence of exclusive malignant US features seen in PTC but not in BTN, identification of the malignant nature of PTC was certain in 74% of the cases and less certain in 8% of the cases. In a third group, 15% of the cases showed predominantly benign US features, while 1 patient (3%) was operated as a case of multinodular goiter and diagnosed histologically as having occult PTC. No malignant features were seen by US and it was not associated with metastasis. US identification of the histological type of PTC was based on the finding that a thyroid lesion presenting as a predominant cyst with a punctately calcified endoluminal projecting solid mural nodule was an exclusively specific feature of cystic primary PTC. Both, totally cystic and microcalcified predominantly cystic metastatic lymph nodes were also characteristically seen in metastatic PTC. Accordingly, the histotype of PTC was only identified in its cystic form, whether it was primary (13%) or metastatic (31%). Both constituted 44% of
Introduction
High-resolution ultrasonography (US) is the most sensitive modality for identifying very small nodular thyroid lesions [1] [2] [3] [4] [5] . Although US differentiation between benign and malignant thyroid nodules has been unreliable [5, 6] , recent technological advances in imaging systems [4] have greatly improved its sensitivity in the detection and differentiation of thyroid nodules. The purpose of the present study is to determine whether US examination can reliably differentiate between a benign and a malignant thyroid nodule and to assess the nature of its malignancy especially in papillary thyroid carcinoma (PTC), which is the most common type of thyroid malignancy [4, 5] .
Patients and Methods
The US features of 39 histologically proven cases of PTC (37 nodular and 2 occult cases) were retrospectively reviewed. US examination was performed using a real-time high-resolution US scanner with a 7.5-MHz linear probe. The thyroid gland was examined in multiple planes with US to detect the lesions and characterize their features. US examination was extended to involve the whole neck to facilitate the detection of enlarged lymph nodes and other relevant findings.
The sonographic features that were reviewed for each thyroid nodule were: (1) nodular size (maximum US diameter); (2) physical characteristics (solid/cystic/ mixed or complex); (3) nodular margin (well defined/ poorly defined); (4) echolucent halo (present or absent; its echo features); (5) echodensity of solid nodules in relation to normal thyroid parenchyma (hypoechogenic/isoechogenic/hyperechogenic); (6) internal echo pattern of solid nodules (homogeneous/heterogeneous/ cystic degenerative changes); (7) echo features of cystic nodules (total cyst/predominant cyst with endoluminal solid components); (8) nodular calcification (microcalcification/coarse calcification/shell-type calcification); (9) distal acoustic intensity (enhanced/reduced/no change); (10) malignant spread (direct/lymphatic/hematogenic).
Results
Many US features were common to both PTC and benign thyroid nodules (BTN). Some features were either more prevalent in PTC or in BTN, while other features were seen either exclusively in PTC or in BTN (table 1). The exclusive US features seen in PTC that were considered as indicators of malignancy were: (1) poorly defined nodular margins, (2) thick irregular echolucent halo, (3) heterogeneous solid internal echo pattern, (4) cystic lesion with punctately calcified endoluminal projecting solid mural nodule, (5) microcalcification, as well as (6) evidence of extraglandular malignant spread. Figures 1  and 2 illustrate exclusive features of primary and metastatic PTC whereas figure 3 illustrates features of BTN.
The US presentation of the 39 PTC cases was categorized into four groups (table 2). In the first group of 29 (74%) cases, multiple (more than one) exclusively malignant features were seen in each case. In the second group of 3 (8%) cases, only one US feature was exclusively malignant, one predominantly malignant, and two predominantly benign. In the third group of 6 (15%) cases, US pre-
Predominantly PTC features
Sonographic Diagnosis of Papillary Thyroid Carcinoma sentation was predominantly benign, and in 1 (3%) occult PTC case which was not associated with metastasis, and diagnosed histopathologically in a patient operated for multinodular goiter, US examination was totally negative for malignant features.
The majority (76%) of nodular PTC were totally solid, while cystic and cystically degenerated solid nodules accounted for 19 and 5%, respectively. All cystic primary PTC (7 cases) were in the form of a predominant cyst with one or more solid endoluminal projecting mural nodules. Five of these were punctately cal-Al-Tamami/Al-Khawari/Al-Sayer/ Jumaa cified and there was no calcification detected in the other 2 cases ( fig. 1f-j) .
On the other hand, 46% of BTN were totally solid, while cystic and cystically degenerated solid nodules collectively accounted for 54%. Of the 14 cystic BTN, 5 were totally cystic and echofree, 4 were totally cystic with layered mobile echoes, and 4 were composite cysts with noncalcified irregular solid components ( fig. 3) . One of the cystic BTN was pre- dominantly cystic with an endoluminal projecting solid mural nodule which showed no calcification.
Metastatic Spread
Of the 39 PTC cases, 15 (38%) cases were metastatic of which 1 was occult PTC presenting with metastasis in the cervical lymph nodes. The most frequent mode of metastatic spread demonstrated by histological examination was via the lymphatics, which occurred in all 15 cases. In addition to the lymphatic spread, 5 cases had direct spread and 1 case hematogenic spread. Metastatic PTC in the lymph nodes was more frequently cystic than primary. In 12 cases, the metastatic lymph nodes were all cystic with some being totally cystic and some composite with microcalcified endoluminal solid components ( fig. 2 ). In the remaining 3 patients, these cystic meta- More than one. EMF = Exclusively malignant feature; PMF = predominantly malignant feature; EBF = exclusively benign feature; PBF = predominantly benign feature. Total = Total number of cases; n = number of cases with metastasis; EM = exclusively malignant; PM = predominantly malignant; PB = predominantly benign. a Rounded to nearest integer.
Al-Tamami/Al-Khawari/Al-Sayer/ Jumaa static nodes were associated with few solid nodes, some of which were microcalcified.
The incidence of metastasis was higher among the 37 PTC nodular cases with exclusively malignant US features (table 3) than among PTC cases with US features common to PTC and BTN, whether they were predominantly malignant or predominantly benign.
Discussion
The value of the US features of PTC as indicators of its malignancy is assessed in the current study with reference to the US findings in a group of BTN. In this study, US identification of the malignant nature of PTC was based on certain US features that were seen exclusively in PTC and not in BTN and were considered as indicators of PTC malignancy (table 1) . Other studies in the literature on thyroid sonography have emphasized the importance of all these features as indicators of thyroid malignancy [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
It was also reasoned that since US features, particularly the subtle ones, are largely operator-as well as US-system-dependent, the US diagnosis of PTC malignancy based on the simultaneous presence of multiple exclusively malignant US features in any one case was considered as more certainly positive than that based on the presence of only a single feature. The presence of US evidence of direct and/or lymphatic extrathyroidal malignant spread was considered as the most positive indicator of malignancy [3] [4] [5] . Both these modes of spread can be detected at an earlier stage and with more certainty by real-time high-resolution US than by clinical evaluation [16, 17] . According to the above-mentioned evaluation criteria, US presentation of the 39 PTC cases that were reviewed was categorized into four groups (table 2). In the first group of 29 (74%) cases, the US identification of malignancy was considered as certainly positive due to the presence of multiple exclusively malignant features. In the second group of 3 (8%) cases, the US diagnosis of malignancy was less certain than the first group due to the presence of benign features together with the malignant features. In the third group 6 (15%) US presentations were benign. In the fourth group, which is the least certain, US was negative for malignant features and diagnosis was made by histopathology as occult PTC.
On reviewing the literature, it was apparent that a cystic thyroid nodule with an endoluminal fixed projecting solid mural component is a sign of thyroid malignancy, particularly of PTC [4, 5] . Hatabu et al. [11] reported that during a review of US findings in 115 patients operated on for nodular thyroid lesions, all cystic thyroid nodules with a punctately calcified solid excrescence projecting from the cyst wall into its lumen (8 cases) were histopathologically proven to be cystic papillary carcinomas. They labeled this form of US presentation as 'calcific nodule within cyst sign', and considered it as a new and very specific sonographic sign for cystic PTC.
During our study, we examined a case of midline cervical mass clinically diagnosed as thyroglossal cyst. Sonographically the mass was cystic with a fixed punctately calcified solid nodule projecting from the cyst wall into its lumen [18] . The thyroid gland was located in its normal position and showed normal US features. A sonographic diagnosis of cystic papillary thyrogenic carcinoma of a thyroglossal duct remnant was suggested and later confirmed histopathologically. Fine needle aspiration biopsy (FNAB) of this lesion was performed twice; one was nonguided and was false-negative, while the other was US-guided and was positive. In such composite cystic lesions, nonguided FNAB often gives a relatively high false-negative rate. A false-negative fine needle aspiration cytology was re-ported by Hatabu et al. [11] in 38% of the 8 cases of cystic PTC, and by Muller et al. [19] in 45% of the 11 cases in their studies. US guidance of FNAB [20] [21] [22] in such cases helps guide the needle into the solid endoluminal component.
While Hatabu et al. [11] indicated that calcification of the projecting nodule within the cystic thyroid lesion was seen in all cystic PTC, other authors [13] [14] [15] 19] described almost totally cystic as well as predominantly cystic PTC without mentioning the presence of calcification of the endocystic projecting solid components. However, in our study, 1 cystic BTN and 2 cystic PTC had similar projecting endoluminal solid mural nodules, but there were no detectable microcalcifications in both the 2 PTC cases as well as in the BTN case. Consequently, only those cystic thyroid nodules with punctate calcification of the endoluminal projecting solid components were considered as specifically diagnostic of the histotype of primary cystic PTC in our study.
In the current study, totally cystic metastatic lymph nodes as well as composite cystic nodes with microcalcified intraluminal solid components were seen in all PTC metastatic lymph nodes and associated with solid metastatic nodes in few cases. Only the cystic type metastatic lymph nodes were considered as PTC-specific. Accordingly, identification of the specific histotype of PTC was limited in this study to the cystic form of this tumor whether it was primary or metastatic in the lymph nodes. While the histotype of 5 cystic primary PTC (13%) was directly identified, that of 11 solid and 1 occult primary PTC (31%) was indirectly identified on the basis of having PTC-characteristic metastatic lymph nodes, i.e. collectively, the histotype of 44% of the 39 PTC reviewed was sonographically identified.
Conclusion
High-resolution real-time US was found to be a useful first line diagnostic modality of PTC and was reliable in differentiating benign from malignant thyroid nodules. It was reliable in identifying the histotype of PTC in cases with cystic metastasis or where the primary or the metastatic nodule is cystic with microcalcified projecting solid mural nodule. FNAB is to be resorted to, mainly in equivocal cases.
